A fast, reliable and sensitive high-performance liquid chromatographic / tandem mass spectrometric assay (LC-MS/MS) was developed to quantify fulvestrant in human plasma using fulvestrant-D3 as an internal standard (IS). The analyte was extracted from human plasma by liquid-liquid extraction (LLE) using methyl tertiary butyl ether (MTBE) as an extracting solvent. Chromatographic separation was achieved in a run time of less than 3.0 min on chromolith RP-18e, (100 × 4.6 mm, Ea) column. Analytes quantitation was performed by turbo-ion spray tandem mass spectrometry (TIS-MS/MS). The method involves simple isocratic chromatographic conditions at a flow rate of 1. .99) over the concentration range of 0.100 to 25.0 ng. mL -1 for fulvestrant. The overall recovery was 79.29%. Precision expressed as %RSD was ≤ 3.1% and ≤ 2.97 % for intra-day and inter-day data respectively.
INTRODUCTION
Fulvestrant, 7-alpha-[9-(4,4,5,5,5-penta fluoropentylsulphinyl) nonyl] estra-1,3,5-(10)-triene-3,17-beta-diol (Figure 1) , is a novel estrogen receptor antagonist drug used for treatment of hormone receptor-positive metastatic breast cancer in postmenopausal women. Fulvestrant acts by competitive binding to the estrogen receptor (ER) with higher affinity than tamoxifen, resulting in complete abrogation of estrogen-sensitive gene transcription [1] [2] [3] .Fulvestrantis administrated as a once monthly dosage due to its novel, long-acting and oil-based formulation. Unlike tamoxifen, fulvestrant has no known estrogen agonist effects, and because of its different mode of action, it is used in the treatment of tamoxifen-resistant diseases [4] [5] [6] [7] [8] [9] [10] . In the literature, there are only a few reports published on the determination of fulvestrant in biological samples and formulations. These reports include the determination of fulvestrant in human urine and plasma samples using RP-LC 11 , the determination of fulvestrant in pharmaceutical dosage forms [12] [13] , and the determination of fulvestrant in rabbit plasma and rat plasma using LC-MS\MS [14] [15] . Pharmacokinetic profile of the fulvestrant loading dose was studied using human plasma as a substrate and the analyte concentration was performed with LC-MS 16 . In the current study, we report a fully validated LC-MS/MS method for the accurate and sensitive determination of fulvestrant in human plasma. The developed method uses fulvestrant-D3 as an internal standard. The present method hires a simple liquid-liquid extraction (LLE) technique for sample preparation using a small sample volume (500 µL).The method was validated according to the ICH guidelines 17 . The developed method demonstrated high efficiency and may be successfully, applied for accurate measurement of fulvestrant concentration in bio equivalence studies and therapeutic drug monitoring programs.
EXPERIMENTAL

Instrumentation
A Shimadzu liquid chromatographic system (HPLC) (Shimadzu, Kyoto, Japan), comprising LC-10A Dvp binary pump, CTO-20A column oven, and a SIL-HTC refrigerated auto sampler was used. The chromatographic separation was performed using a chromolith RP-18e (100 × 4.6 mm) column (Phenomenex, USA) at a total run time of 3.0 min with a column oven temperature maintained at 35°C. MS/MS analysis was performed using a triple quadrupole mass spectrometer model API 3000 system equipped with Turbo Ion Spray® (TIS) (Sciex Division of MDS, Toronto, Ontario, Canada). Data acquiring and analysis was carried out using Analyst software version 1.4.2 (Applied Biosystems). Positive electrospray ionization data were acquired under MRM mode. The TIS instrumental source settings for temperature, curtain gas, ion source gas 1 (nebulizer), ion source gas 2 (turbo ion spray), collision gas and ion spray voltage were 500°C, 10 psi, 60 psi, 60 psi, 8 psi and 5500 V, respectively. The TIS compound parameter settings for declustering potential, entrance potential, and collision cell exit potential were 70 V, 10 V, and 12 V, respectively. The collision energy setting was 30V for fulvestrant and 31V for fulvestrant-D3. The analytes were monitored using the following MRM ion transitions: fulvestrant (m/z 605.2 to 427.4) and IS (m/z 608.6 to 430.4). Mass spectra of fulvestrant and fulvestrant-D3 (IS) are shown in figure-2.
Materials and Chemicals
Fulvestrant reference standard (potency 99.9%) was procured from Clearsynth labs, Mumbai, India. Fulvestrant-D3 standard (potency 99.5%) was procured as a gift sample from Hetero labs, Hyderabad, India. Other chemicals used were acetonitrile (HPLC grade) methyl tert-butyl ether (MTBE) and methanol (HPLC grade), these chemicals were purchased from J.T. Baker, Haryana, India. Acetic acid (GR grade) was obtained from Merck, Hyderabad, India. Purified water for HPLC was prepared using Milli-Q system (Millipore, Germany). Blank samples (drug free human plasma) were obtained from Vuppalavenkaiah memorial Blood Bank, Hyderabad, India and stored at -70 °C until use.
Preparation of Stock Solutions of Fulvestrant and Fulvestrant-D3
Standard stock solutions of fulvestrant (0.50 mg.mL -1 ), and fulvestrant-D3 (0.50 mg.mL -1 ) were prepared in methanol. The fulvestrant-D3 spiking solutions (100.00ng.mL -1 ) were prepared in 50% methanol from the stock. Standard stock solutions and fulvestrant-D3 spiking solutions were stored in refrigerator at 2-8 0 C until use.
Preparation of Calibration Curve Standards
Dr ug-free human plasma samples were spiked to obtain fulvestrant concentration levels of 0.100, 0.200, 0.500, 1.25, 2.50, 5.00, 12.50 and 25.00 ng.mL -1 for analytical standards. These standards were stored in the freezer as a bench top stability, long-term stability in matrix at -78 ± 8 0 C and freeze thaw stability at -20 ± 5 0 C, until analysis. The reconstitution solution (0.5% acetic acid: acetonitrile in water, 20:80, v/v) were used to prepare the aqueous standards.
Preparation of Quality Control Samples
The concentrations of the aqueous quality control (QC) samples for fulvestrant and fulvestrant-D3 were prepared as follows: 0.100 ng. mL -1 (AQ- . The aqueous quality control samples were stored in cooling cabinet set at -10°C. To determine the method's accuracy and precision, samples were prepared by spiking control human plasma at appropriate concentrations in bulk. Then, plasma aliquots of 500 µL each were distributed into different test tubes and stored at -78 ± 5°C until use.
Sample Preparation
Isolation of fulvestrant and fulvestrant-D3 from human plasma was achieved using liquid-liquid extraction method. A 500-µL aliquot of K 3 EDTA human plasma spiked with appropriate amount of fulvestrant was added into a 3.0 mL disposable polypropylene tube followed by spiking with 10 µL of internal standard solution. Then, 2.5 mL of methyl tertiary butyl ether(MTBE) was added and the sample was vortexed for approximately 10 min followed by centrifugation at 4000 rpm for approximately 5 min at 20 0 C. Supernatant was transferred into a labeled vial tube and evaporated at 40 0 C until dryness. The residue was dissolved in 100 µL of the mobile phase and mixed thoroughly. A 10-µL aliquot of the reconstituted extract was injected into the LC-MS-MS system for analysis.
Method Validation Procedures
System suitability test (SST) was performed by analyzing samples before and between normal runs during testing. At the beginning, system suitability was validated by injecting six sets of samples spiked with fulvestrant and fulvestrant-D3. %CV for retention time (RT) and area ratio (analyte area/internal standard area) were calculated. The %CV of retention times of the drug and internal standard should be within ≤ 4.00%. Peak area of the analyte should be more than or equal to five times the LLOQ sample when compared to first time acquired standard base line. The %CV observed in the standard baseline injected after ULOQ should be ≤ 20.0% for the analyte and ≤ 5.00% for the IS.
Ten different human plasma lots (07 K 3 EDTA human plasma, 01 hemolytic, 01 lipedimic, and 01 sodium heparin) were analyzed to evaluate specificity of the method. Screening of the plasma matrix was evaluated with two different human plasma lots. Responses of the interfering substances at the retention times of the analytes should be ≤ 20.00% of the response of respective LLOQ sample. Response of interfering peaks at the retention time of IS should be 5.00% of the response of the respective IS. The responses observed in hemolyzed, heparinized and lipemic matrix lots should be within the above-mentioned acceptance criteria.
Matrix factor experiment was performed by processing ten different lots of screened biological matrix of same anticoagulant (02-haemolytic, 02-lipedimic) after extraction. The extracts were spiked at concentrations equivalent to those in the low and high QC extracted samples S(n=1) and IS at its working concentration.
Matr ix effects occur when sample components other than the desired one are coeluted with the analyte and interfere with the ionization process in the MS detector, thereby causing ionization suppression or enhancement. Thus, to obtain accurate and reliable LC-MS data, matrix effects should be reduced or eliminated. To calculate a possible matrix effect (MF), mean peak areas of analyte post spiked in to plasma extracts with those of analyte spiked in to neat standard solutions at two QC levels. The following formula has been applied. L i n e a r i t y wa s d e t e r m i n e d fo r t h e concentration range of 0.100 to 25.00 ng. mL -1 for fulvestrant by weighted linear regression (1/X 2 ) of the analyte /IS peak area ratios based on four independent calibration curves. All the calibration curve standards should be accepted when the back calculated concentrations are within ± 15.00% of their respective nominal concentrations except for LLOQ. LLOQ standard is acceptable when the back calculated concentration is within ± 20.00% of its nominal concentration. Calibration curve is acceptable when at least 75% of the total number of the calibration curve standards fall in the above acceptance criteria including at least one of the ULOQ and LLOQ standards.
Sensitivity was tested based on calculation of precision and accuracy of LLOQQC sample in at least 3 acceptable precision and accuracy batches individually and in total 9 between batches.
The intra-assay accuracy and precision were proposed by analyzing six replicates at five different QC levels; that is, LLOQ, LQC, MQC1, MQC2, and HQC. The inter-assay accuracy and precision were estimated by analyzing six replicates at five different QC levels on six different runs. The within run precision and accuracy(% mean bias) for LQC,MQC2,MQC1 and HQC samples should be within 15.00%, and for LLOQQC the precision and accuracy (% mean bias) should be within 20.00%. The between run accuracy and precision (% bias) for LQC, MQC2, MQC1 and HQC samples should be within 15.00%, and for LLOQQC the precision (% mean bias) should be within 20.00%.
Dilution medium used was screened human plasma having K 3 EDTA as anticoagulant with a dilution factor of 10. Dilution integrity test was aimed to validate the dilution procedure of real-time analysis at higher analyte's concentrations (above the ULOQ level). Dilution integrity experiment was carried out at twice the ULOQ's concentration. The precision of DQC samples should be within 15.00% and the % mean accuracy of DQC samples should be within the acceptance criteria.
Recover y of the developed method was assessed by analyzing six replicates for the fulvestrant along with fulvestrant-D3. The % mean recoveries for the anlayte and IS was determined by comparing mean peak areas of six replicates of unextracted quality control samples with the mean peak areas of extracted plasma quality control samples at high, middle and low levels. The %CV at each QC level and overall %CV of the analyte's recovery should be within 15.00% for the internal standard the %CV of MQC1 should be within 15.00%. dry and wet extract stability. Bench top stability was assessed by analyzing six replicates of fulvestrantspiked samples kept for 7.0 h at room temperature (~25 °C) at two concentration levels (LQC and HQC). The freeze-thaw stability of fulvestrant and fulvestrant-D3 in human plasma following five cycles was also assessed. The samples were kept at -20± 5 °C and -78±8 0 C between freeze/thaw cycles. Before analysis, samples were thawed unassisted at room temperature for ~1.5 h. The long-term stability of the analytes during freezing of human plasma was also evaluated.
The stability of stock solutions of fulvestrant and fulvestrant-D3 was assessed by analyzing samples of 0.5 mg mL -1 kept in methanol for 6.0 h at ambient temperature. The % mean short-term stock solution stability for the analytes at room temperature should be in the range of 90.00-110.00 and % CV for stability and comparison should be within 15.00% Short-term working solution stability at low and high concentrations of fulvestrant was tested by analyzing samples of 5.00 ng.mL -1 and 1250 ng.mL -1 , respectively, kept in methanol for 6.0 hours at ambient temperature. Short-term working solution stability for fulvestrant-D3 was assessed by analyzing samples of 100 µg mL -1 kept in methanol for 6.0 hours at ambient temperature. The %mean short-term working solution for the analytes at room temperature should be in the range of 90.00-110.00 and % CV for stability and comparison samples should be within 15.00%.
Long-term stock solution stability for the analytes was evaluated by analyzing samples of Long-term working solution stability at ULOQ level was evaluated by analyzing samples of 1250 ng.mL -1 kept in methanol for 10 days at 5±3 °C. Long-term working solution stability at LLOQ level was tested by analyzing samples of 5.0 ng.mL -1 kept in methanol for 10days at 5±3 °C. Long-term working solution stability for fulvestrant-D3 was assessed by analyzing samples of 100 ng.mL -1 s kept in methanol for 10days at 5±3 °C. The %mean long-term working solution for the analytes should be in the range of 90.00-110.00 and %CV for stability and comparison samples should be within 15.00.
Ruggedness of the method was evaluated by using different analyst and different columns of the same make and model for different equipment of the same model and make. Ruggedness of the method was performed by re-injecting one previously processed, evaluated, and accepted precision and accuracy batch.
RESULTS AND DISCUSSION
Method Development
To optimize the mobile phase, different volume ratios of acetonitrile/methanol with various acidic modifiers like acetic acid, ammonium acetate, formic acid, and ammonium formate were tested. Satisfactory results were obtained with a mobile phase composed of methanol and 5 mM ammonium acetate, but the results were non-reproducible. The optimized mobile phase consisted of a mixture of 0.5% acetic acid and acetonitrile (20:80 v/v, respectively) under isocratic mode at a flow rate of 1.00 mL.min -1 . Various chromatographic columns of different make (i.e., Kromasil 100-5 C18, 100 × 4.6, 5 µm; Alltima HP C18, 50 × 4.6, 3 µm; Zorbax SB C18, 50 × 4.6, 5 µm; chromolith RP-18e, 100 × 4.6 mm; Zorbax XDB-phenyl 75 × 4.6, 3.5 µm; Ace3C18, 150 × 4.6, 3 µm; Hypurity advance 75 × 4.6, 5µm, and Discovery HS C18 50 mm × 4.6 mm, 5 µm) were tested to achieve both a shorter runtime and satisfactory peak resolution. Desired chromatographic resolution was obtained with chromolith RP-18e, (100 × 4.6 mm) column (Phenomenex, USA) with a column oven temperature maintained at 35°C.
The typical MRM chromatograms for human plasma samples spiked with fulvestrant and fulvestrant-D3 for double blank, blank with IS and LLOQQC are shown in Figure 3 .
MS parameters were optimized to obtain the optimum ionization and droplet drying. The most sensitive mass transition was observed from m/z 605.2to 427.4 for fulvestrant and from m/z 608.6 to 430.4 for fulvestrant-D3.
System Suitability
The precision for the system suitability test expressed as %CV for the retention time was 3.10%. In addition, after a run of ULOQ, no significant carryover was observed in the blank sample(data not shown)
Selectivity, Sensitivity and Linearity
Inspecting the chromatograms derived from processed blank and spiked plasma samples showed that no significant interferences from indigenous components in drug-free human plasma at the retention time of the analyte and the IS. The lowest limit of quantification LLOQ for the analyte was set at 0.100 ng.mL -1 at which the signal-to noise ratio (S/N) was measured. The method precision and accuracy at LLOQ were calculated as 5.66% and 84.5%, respectively.
The assay was linear over the concentration range of 0.100 to 25.00 ng. mL -1 for fulvestrant. Using the 1/X 2 model, values for coefficient of determination (r 2 ) were calculated as ≥ 0.98 and ≥ 0.99 for fulvestrant and fulvestrant-D3, respectively.
Precision and Accuracy
The reliability of the method was tested by spiking the analytes into blank human plasma samples at their LLOQQC, LQC, MQC1, MQC2, HQC, and DQC levels. Under the optimized conditions, the intra-assay accuracy and precision were calculated using five replicates as presented in Table 1 . The average precision expressed as RSD% (n = 3) for intraday and inter day for the fulvestrantspiked control samples at 0.1 to 20.0 ng. mL -1 levels was 2.95 and 3.98, respectively. The mean accuracy ranged from 84.5 to 100.0%.
Matrix Effect & Recovery
Matrix effect was found insignificant in all the ten batches for fulvestrant at LQC and HQC levels. The precisions for IS normalized matrix factor at LQC and HQC levels were calculated as 1.08% and 3.45%, respectively. IS normalized factor was 0.893 for LQC and 0.983 for HQC. The results of the matrix effect are reported in table-2. These results suggest that, under the optimized conditions, ion suppression or enhancement due to plasma matrix was negligible.
The mean recoveries for fulvestrant at HQC, MQC1 and LQC were 65.00% and 68.30%, and 71.17% respectively. The overall percentage mean recoveries and %CV for fulvestrant was 68.16% and 4.53%, and for fulvestrant-D3 was 79.29% and 7.45%. 1 Matrix factor (MF) = Peak response area in presence of matrix ions / Mean peak response area in absence of matrix ions IS Normalized Matrix factor = Matrix factor of analyte / Matrix factor of IS
Stability Studies
The analytes showed stability in human plasma samples over five freeze-thaw cycles when stored at below -78 ± 5 °C and thawed at room temperature. Wet extract stability was maintained up to 56 h when stored at 5 ± 3 °C. Various conditions for stability in plasma and the values for the percent change are shown in table 3.
Ruggedness
For method ruggedness, the method was run with separate analysts, separate columns (of the same maker with separate batch no.) and with separate sets of reagents. The mean precision (%CV) and accuracy values calculated under various conditions ranged from 1.42-6.95% and 97.0-100%, respectively.
CONCLUSIONS
In summary, an accurate, selective, and high-throughput LC-MS/MS assay was developed for the quantification of fulvestrant in human plasma. Interferences from endogenous plasma components as well as from other sources were negligible. The simplicity of the assay using LLE, small sample volume (500µL) and sample turnover rate of about 3.0 min per sample makes the present method an efficient procedure in high-throughput bio analysis suitable for routine measurement of fulvestrant in both formulations and diagnostic samples. Moreover, the method described could easily be adapted to various other biological samples and might be useful in pharmacokinetic studies.
